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Abstract 
 
Background: In the context of therapy for word retrieval in aphasia, the person with aphasia 
is often required to attempt to name treated items on multiple occasions. However, there is 
limited information about the impact of these repeated attempts at naming in and of 
themselves.  
Aim: The aim of this study was to examine if repeated attempts at naming, with no treatment 
or feedback, improve naming accuracy in people with aphasia. 
Methods & Procedures: 23 participants with stroke aphasia named 50 pictures on seven 
occasions, approximately six weeks apart. No support, cues (written or spoken) or feedback 
on accuracy was provided at the time or between naming attempts. This was part of a larger 
study investigating two different types of therapy on different items. 
Outcomes & Results: After excluding any potential influence from treatment of other items, 
four participants showed significant improvements in accuracy and two participants showed a 
worsening of accuracy for the stimuli that received repeated naming attempts (but were 
untreated). We found evidence that significant change in accuracy was predicted by 
variability of naming accuracy between sessions, executive functioning skills (as measured by 
the Wisconsin Card Sorting Task), and picture naming ability (Nickels’ Naming Test).  
Conclusions: We hypothesised that in the context of variability in naming accuracy, intact 
executive functioning may help monitor responses, such that only correctly named items are 
reinforced. Critically, without the ability to monitor responses without feedback, incorrect 
responses may be reinforced, leading to a worsening of performance. The fact that four 
individuals with aphasia showed improved naming accuracy by naming items once every six 
weeks is striking and suggests that further investigation of effects of repeated naming at closer 
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intervals is warranted, as for some participants any advantage from a naming attempt may 
have decayed by the time of repetition. 
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Introduction 
Anomia, a difficulty in retrieving and producing words, is a distressing problem 
affecting most people with aphasia, which causes ongoing difficulties for everyday 
communication and interaction (Best et al., 2013). While interventions have demonstrated 
significant performance improvements (Wisenburn & Mahoney, 2009), it remains a complex 
and difficult aspect of aphasia to treat. Individuals with anomia may have varying degrees of 
deficit across all or some of the cognitive processes involved in spoken word production, such 
as accessing word meaning, the retrieval of the word form, or the assembly of phonemes. 
Much of the focus of treatment studies has centred around each component of word retrieval 
and matching them to an individual’s particular deficit profile (e.g., Best et al., 2013; Code & 
Müller, 1995; Nettleton & Lesser, 1991; Nickels, 2002b). One intriguing possibility is that, 
for some individuals, word retrieval can improve simply by repeatedly attempting to name 
items without external support (Nickels 2002a). It is this finding of improvement in naming 
through repeated retrieval attempts that is the focus of the current study, which explores the 
role of such practice on performance improvement in word production in a case series of 
individuals with aphasia.  
A substantial number of treatment studies have demonstrated that word retrieval 
performance can be improved with therapy, using a wide variety of treatment methods (for 
review see, e.g., Nickels, 2002b; Raymer, 2011; Wisenburn & Mahoney, 2009). Most 
commonly these improvements are restricted to the production of the treated items 
themselves, rather than leading to general improvements in word retrieval and production 
ability (e.g., Abel, Schultz, Radermacher, Willmes & Huber, 2015; Best et al., 2013; 
Laganaro, Di Pietro & Schnider, 2003; Wisenburn & Mahoney,2009). This suggests that the 
 5 
repeated activation of the semantic and phonological representations of specific target words, 
either individually or in combination, is usually necessary for performance gains. Despite 
different treatments focusing on semantic or phonological enrichment, orthographic or 
phonological cueing, the successful production of the target word involves the activation of 
all components of the word production system and improvement has been suggested to be 
driven by priming the mapping of semantic and phonological form of a given word (e.g., 
Howard, 2000; Howard, Hickin, Redmond, Clark & Best, 2006; Miceli, Amitrano, Capasso & 
Caramazza, 1996; Nickels, 2002b).  
Some studies have identified treatment improvements extending to untreated items 
(see e.g., Best et al., 2013; Coelho, McHugh & Boyle, 2000; Leonard, Rochon, & Laird, 
2008; Nickels, 2002b; Webster, Whitworth & Morris, 2015), so clearly priming retrieval of 
specific words may not be the only mechanism underpinning treatment effects. However, 
control items are sometimes repeatedly tested (but not given the ‘active’ treatment) through a 
treatment study and the process of testing may itself generate improvement for some 
individuals (e.g., Howard, Patterson, Franklin, Orchard-Lisle, & Morton,1985; Nickels, 
2002a; but see McKissock & Ward, 2007). This improvement may be (mis)interpreted as 
generalisation of the benefits of treatment to novel items (e.g., Middleton & Schwartz, 2012). 
However, critically, in Howard et al.’s study while items that were given regularly to name 
(with no treatment) improved, those that were only named at the beginning and end of the 
treatment phase did not. Consequently, in this study, the design allowed the effects to be 
clearly attributed to the effects of repeated naming attempts (Middleton & Schwartz, 2012; 
Nickels, 2002a) rather than improvement of general skills involved in picture naming (or any 
other mechanism for generalisation).   
Nickels (2002a) was the first to directly examine this issue, finding clear evidence of 
improved lexical retrieval as a result of repeated attempted naming without any external 
support, in a single case study with an individual with aphasia, JAW.  JAW was not involved 
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in any other treatment but was simply asked to attempt to name a set of 34 pictures, every day 
for six days. This resulted in a small, but significant, improvement in naming of those pictures 
but no change in the naming of pictures that had not been named in this period.   
A key feature of anomia is that there is variability in accuracy of word retrieval so that 
the same picture may sometimes be named correctly and sometimes incorrectly (Howard, 
Patterson, Franklin, Morton, & Orchard-Lisle, 1984). It is hypothesised that when a correct 
word is produced, and the semantic and phonological forms are both activated, it increases the 
likelihood of producing the correct word on a subsequent attempt as it strengthens the 
mapping between the semantic representation and the phonological form (e.g., Howard, 2000; 
Laine & Martin, 2006; Miceli et al., 1996). Nickels (2002a) concluded that this ‘repetition 
priming’ could underpin JAW’s results: successfully activating and producing the target word 
resulted in a strengthening of the mapping from the semantic representation to the 
phonological form for the target words and thereby improved subsequent retrieval success 
(Nickels, 2002a). For individuals with unimpaired language production, there is considerable 
evidence that attempts at naming improve performance and this improvement is attributed to 
repetition priming: Having named a picture once previously significantly reduces response 
times (e.g., Durso & Johnson, 1979; MacDonald et al., 2015; Mitchell & Brown, 1988). 
Furthermore, this effect is long lasting, with significant response time reductions found six 
weeks (Mitchell & Brown, 1988) and up to 48 weeks (Cave, 1997) after initial presentation. 
For individuals with aphasia, limited research has examined effects of repetition priming but 
such research that there is (e.g., Creet, 2018; Soni, Lambon Ralph & Woollams, 2012), 
suggests that there can be effects on naming latencies.  
If a correct naming response is required to boost subsequent performance, then it follows that 
items must be presented enough times for a successful naming event to occur. However, it is 
also possible that even if the incorrect word form is retrieved, simply attempting to name a 
picture will activate relevant lexical and semantic nodes sufficiently to decrease the demands 
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of processing the picture a second time and increase the likelihood of producing the correct 
word. Critically, this explanation assumes that incorrect responses will not be primed to the 
same extent as correct responses. That errors do not impair response to treatment is supported 
by studies that have contrasted the effects of errorful and errorless treatment approaches in 
anomia (e.g., Abel et al., 2005; Fillingham, Sage & Lambon Ralph, 2005a, b; 2006; 
McKissock & Ward, 2007).  Errorless approaches attempt to minimise the chance that 
participants produce an error by presenting the target prior to any naming attempt. Middleton 
and Schwartz (2012) review the literature on errorless treatment approaches and conclude that 
both errorless and errorful techniques produce benefits and, if anything, errorful approaches 
may have greater efficacy. They argued that there is an important role for attempted retrieval 
in improving naming in people with aphasia. Middleton and colleagues (Schuchard & 
Middleton, 2018a, b) subsequently examined this hypothesis further finding that retrieval 
practice (with familiarisation and feedback) was particularly beneficial people with aphasia 
who had impairments of semantic–lexical activation, as a result of the greater strengthening of 
these links than from repetition alone. Indeed, there is strong support for retrieval practice in 
learning theory more broadly (see Middleton & Schwarz, 2012 for review). For example, 
retrieval practice (e.g., testing) after study, has been found to be more effective than further 
study in consolidating learning (see Roediger & Karpicke, 2006).  
McKissock and Ward (2007) carried out the only study that we know of that has 
focused directly on the effects of unaided attempted naming without feedback on performance 
(their ‘Errorful’ condition)1. In the case of the five individuals studied, attempted naming in 
itself did not demonstrate performance gains for the group (nor, from visual inspection, for 
any of the individuals). Nevertheless, the results from Howard et al.’s (1985) study makes it 
clear that JAW’s pattern was not unique. Other reports support this position, for example, in 
 
1 Note that there are many studies where participants do attempt to name the picture, but written and/or spoken 
words or cues are also provided in the absence of feedback (e.g., Fillingham et al., 2005a; Off, Griffin, Spencer 
& Rogers, 2016) or alternatively feedback on accuracy is provided (e.g.,Wingfield, Brownell & Hoyte, 2006). 
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their single case study, Wambaugh and Ferguson (2007) found that an untreated condition 
which was named (without feedback or provision of the target) as often as the treated stimuli, 
showed improvement over the course of the study. In contrast, control items which were only 
probed before and after treatment showed no gains.  
Finally, Fillingham, Lambon Ralph and colleagues examined the factors that may 
influence benefits from both errorful and errorless treatments. They argue that non-language 
based cognitive processes, such as executive control, monitoring and/or recognition memory 
skills play a role and that they may be particularly critical in preventing erroneous responses 
being primed (e.g., Fillingham, Sage & Lambon Ralph, 2005a; 2005b; 2006; Lambon Ralph 
et al., 2010; but see Morris, Howard & Buerk, 2014). If this is the case then individuals who 
benefit from repeated attempts at naming, might be expected to have relatively intact 
cognitive skills. 
In order to further examine the occurrence of effects of attempted naming on 
performance, in the current study, performance of people with aphasia on a picture naming 
task was examined over time. The data involved untreated items which were assessed as part 
of a wider study by Morris et al. (2014). Their study investigated the effects of two prominent 
therapies, Semantic Feature Analysis (SFA: Boyle, 2004) and Repetition in the Presence of a 
Picture (RIPP: Mason et al., 2011) using a comparatively large participant group of 23 
individuals with aphasia. It included seven different time points at which picture naming of 
both treated and untreated items was assessed. The focus of the current study was the pattern 
of performance in naming of the untreated items and whether repeated attempts at naming can 
lead to performance improvements without any treatment or feedback; specifically, whether 
participants with aphasia show improvements from repeated attempted naming.  
Secondly, the study examines whether there is a relationship between an individual's 
response to attempted naming and their response to treatment. As noted above, it has been 
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hypothesised that a key mechanism underlying treatment effects is the strengthening of the 
link between a word’s meaning and phonological form (Heath et al., 2015; Howard, 2000; 
Miceli et al., 1996; Nickels, 2002b). This same mechanism has been proposed to underpin 
improvement from repeated attempted naming (Nickels, 2002a) and benefits from retrieval 
(Schuchard & Middleton, 2018a) consequently an association is predicted between treatment-
related and attempted naming-related improvements.  
Finally, this study investigated whether there were any predictors of improvements as 
a result of attempted naming focusing on the nature of the language impairment, the wider 
cognitive abilities of an individual, and the extent of variability in performance. 
 
Method 
 
Participants 
Participants were 23 individuals with aphasia (20 male, 3 female), who had all 
suffered a single left hemisphere symptomatic stroke. Participants were aged between 36 and 
82 (M = 68, SD = 11.5). The inclusion criteria were that participants: i) were at least 3 months 
post stroke onset of aphasia following a single symptomatic stroke; ii)  had a naming 
impairment, with scores on naming test of between 10% and 60%; and, as judged by the 
speech language therapist in the research team iii) had no significant other cognitive difficulties; 
iv) did not have dysarthria and/or verbal dyspraxia as their primary difficulty; v) had 
(corrected) hearing and vision that were adequate to take part in a study involving pictures 
and spoken words; vi) had English as a first language. See Table 1 for demographic 
information about the participants.  
Language and Wider Cognitive Profile 
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The effects of therapy may vary across participants as a result of their language and 
wider cognitive profile. To investigate whether the level or type of deficit was linked to any 
improvement in naming, for each PWA, the following assessments were completed to 
develop a profile of their impairment: 
1. General Aphasia Severity 
- Western Aphasia Battery - Revised (WAB - R, Kertesz, 2006): Aphasia Quotient 
(AQ) 
2. Comprehension 
- Psycholinguistic Assessment of Language Processing in Aphasia (PALPA) spoken 
word to picture matching (Kay, Lesser, & Coltheart, 1992) 
- PALPA written word to picture matching 
- PALPA auditory synonym judgement 
- Pyramids and Palm Trees (3 picture version) (Howard & Patterson, 1992) 
3. Spoken output 
- Nickels Naming Test (Nickels & Howard, 1994, 60 items from the original set of 130, 
with 10 items in 6 conditions: high or low frequency, 1,2, or 3 syllables) 
- Reading aloud (words/nonwords) (unpublished set which varies in length, frequency 
and imageability)  
- Repetition (words/nonwords) (unpublished set which varies in length, frequency and 
imageability) 
- Apraxia of Speech Screening (informal screening by an experienced qualified speech 
language therapist, based on principles from Duffy, 2005) 
- Word Fluency (animals and s-words per minute) from the Comprehensive Aphasia 
Test (CAT; Swinburn, Porter & Howard, 2004) 
4. Other Cognitive Assessments 
- Modified Wisconsin Card Sorting Task (Schretlen, 2010) 
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- Recognition Memory (CAT; Swinburn et al., 2004) 
 
[Table 1 near here] 
 
Materials  
 150 coloured photographs, each depicting a noun on a white background, were 
sourced from Hemera Photo Object Library (Hemera Technologies Inc, 1997-2000). For each 
participant, following the first two picture naming assessments (prior to any treatment 
beginning), these were divided into three matched sets. First, items were randomly assigned to 
three sets of 50, and then the sets adjusted to ensure they were matched for naming accuracy, 
frequency and length (by moving items between sets). Then sets were randomly assigned to 
treatment conditions. Hence, the precise stimuli in each set were different for each individual 
(see Morris, Howard & Buerk, 2014 for a more detailed description of the method). 
These three sets were assigned to three conditions: 
1. Semantic Feature Analysis (SFA) therapy. 
2. Repetition in the Presence of a Picture (RIPP) therapy  
3. Untreated (used only in assessment). 
Design and Procedure 
Participants named all 150 pictures in a random order on seven occasions (see Table 
2). Therapy periods were between Assessments 2 and 3 and between Assessments 4 and 5. 
Each therapy period was six weeks with two therapy sessions per week, each session lasting 
45 mins. One of the therapy periods consisted of Semantic Feature Analysis and the other 
Repetition In the Presence of a Picture, with people with aphasia randomly assigned to either 
have Semantic Feature Analysis in the first period and Repetition In the Presence of a Picture 
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in the second, or in the reversed order. The 50 untreated items, which are the focus of this 
study, were not treated or exposed in any way between assessments. Each untreated item was 
presented a total of seven times. The assessment was always of the 150 items, with treated 
and untreated items interspersed in a random order. Participants were required to name all 150 
items, with no feedback provided. The assessments were spaced approximately 6 weeks apart, 
except for the final assessment, which was approximately 10 weeks later. 
[Table 2 near here] 
Response scoring 
A response was recorded as correct if the correct noun was initiated within five 
seconds of presentation. Only the first response was scored, regardless of whether the 
participant self-corrected an error. Minimal fillers prior to a response such as ‘umm’ or ‘ahh’ 
were allowed but any attempt to articulate a word was taken as their response e.g., “ra…cat” 
for cat would be scored as incorrect.  
Analyses and Results 
Analysis 1:  Effects of repeated attempts at naming 
This analysis explored whether attempting to name an item without any direct 
treatment being applied to that item, and no cues or feedback, led to performance 
improvement on that item by analysing individuals’ pattern of naming accuracy of the 
untreated items across the seven assessment sessions.  
WEighted STatistics (WEST: Howard, Best & Nickels, 2015) were used to evaluate 
the improvement in naming. This approach assigns coefficients to each assessment point, and 
generates weighted scores for each item at each time point by multiplying the coefficient by 
the accuracy (coded as one or zero). For each item, the sum of the product of the coefficients 
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and accuracy provides an index of the change over time for that item, and the sum across the 
items indexes the overall change.  
First, we used WEST-Trend to examine whether there was any trend for naming to 
improve across the assessment time points. As the seven assessments were spaced by 
approximately six weeks each and no treatment was conducted on these items, the coefficients 
were equally spaced,  -3, -2, -1, 0, 1, 2, 3 across the seven assessment points. As the 
coefficients are generated such that they sum to zero, if there is no change then once the 
coefficient is multiplied by the accuracy (coded as 0- incorrect or 1- correct) for each item, the 
sum across items will be zero . If there has been (on average) improvement across the seven 
time points the sum across the seven assessment points will be a positive value. In contrast, a 
negative value indicates a negative trend (worsening of performance). To examine whether 
there was evidence of significant overall naming change for each participant, a one-sample t-
test (two-tailed) was used to compare the summed weighted item accuracy scores for the 
improvement trend to zero (the null hypothesis being no change). Homogeneity tests were 
also conducted to examine whether there was evidence for differences in performance across 
participants.  
We also wished to test the hypothesis whether, for any participants who showed 
change (i.e., significant WEST-Trend results), this change had occurred as a result of the 
treatment applied to other items. If this was the case, improvement would be expected to be 
greater during the treatment phases than during the no treatment phases (as is observed for 
treated items with successful treatment). To test this hypothesis, we used WEST-Rate of 
Change (WEST-ROC; Howard et al., 2015) which compares the rate of change in accuracy 
between treated and untreated periods. We carried out three analyses, each using different sets 
of weights, one comparing rate of change during phase 1 of treatment with all other phases, 
one for phase 2 of treatment versus all other phases, and one comparing both treatment phases 
versus phases without treatment (see Appendix A for the weights used). Once again, for each 
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participant a one-sample t-test was then conducted comparing the sum of the weighted scores 
across all items with zero. If this was significant then it indicated that more change had 
occurred during the treatment phases and suggested a treatment-related process. 
 
Results: Analysis 1 
Four of the individuals showed a significant positive trend in their naming of the 
untreated items across the seven assessment points (participants 11, 21, 22 and 25). However, 
unexpectedly, a further four individuals showed a significant negative trend: participants 12, 
15, 17, and 24 (see Table 3). 
[Table 3 near here] 
Combined across all participants, the average effect size was slight, with an average 
gain of just 0.1% (.05 of an item) per assessment session (i.e., from one session to the next) 
and 0.4% from the first to the last assessment, which was not significant (z =.026, p = .979, 
two tailed). However, there was highly significant non-homogeneity across participants (c2 
(22) = 83.55, p<.0001), indicating that there was significant variation in the patterns shown 
across participants. This can be seen clearly in Figure 1 where the mean change between 
consecutive sessions varies from +3.9% to – 3.9% (ie proportion gain from .039 to -.039), 
similarly, the mean percent change from the first to the last assessment, this ranged from -
16% (P17) to 34% (P21).  
[Figure 1 near here] 
For the eight individuals who showed significant effects, we tested whether these 
changes in accuracy occurred solely due to the repeated presentation of the items and could 
not be attributed to generalisation or interference effects from treatment of other items. None 
of the four individuals who showed a positive trend across the study showed any evidence of 
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significantly different rate of change across treated and untreated phases using WEST-ROC. 
However, P15, one of the four participants who showed a negative trend, showed significant 
treatment-related improvement in the second treatment phase (Repetition in the Presence of 
the Picture treatment) and, close to significant, treatment-related decline in the first treatment 
phase (Semantic Feature Analysis; see Table 4 below). Participant P17 was close to showing 
significantly greater decline in the treatment than no treatment phases. These two participants 
will therefore be excluded from further analysis given that the changes in untreated items 
appear to be associated with treatment. 
[Table 4 near here] 
Discussion: Analysis 1 
For eight of the 23 participants, there was significant change across the study in 
picture naming accuracy for items that were named every six weeks but received no direct 
treatment.  
Two of these individuals, showed significant decline in accuracy of the untreated 
items but this appeared to be linked to times of treatment of other items (given the results of 
the WEST-ROC analysis). Since we were interested in change as a result of repeated attempts 
without any treatment, as opposed to treatment-related effects, we did not include these 
individuals in any further analyses exploring what influenced the repeated attempted naming 
effect. 
 Of those six remaining participants with significant change across the seven 
assessment points, four participants showed significant improvements in accuracy and two 
participants showed worsening accuracy across the study. Decline in performance was an 
unexpected but nonetheless interesting result. Of the two participants whose performance 
declined, P12, performed almost at floor throughout the assessments. While her decline was 
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significant, in absolute terms it was very small (-.009 per session, -.49 item in total). P24 
showed somewhat better performance and steady decline. One possible cause of this decline 
is that the errors produced could have been primed, leading it to be more likely that the same 
incorrect response was produced on a subsequent occasion. We will return to this point in the 
General Discussion.  
Importantly, we have replicated Nickels (2002a) results demonstrating that some 
people with aphasia (albeit only 17% of our participants) can benefit from repeated attempts 
at naming in the absence of feedback. What remains to be identified is why there was 
significant variability in the patterns observed, with some individuals improving and some 
declining and the majority showing no significant change. It is possible that a prerequisite for 
beneficial attempted naming effects is that a participant is able to sometimes, but not always, 
produce the correct response for that item. If an individual's responses are seldom correct, 
then there will be little opportunity for priming effects. If an individual's responses are usually 
correct (near ceiling), then there will also be little opportunity for improvement. This will be 
explored below. 
Analysis 2:  Relationship between benefits from repeated attempts at naming and 
response to treatment 
If the mechanisms underlying any improvements as a result of repeated naming and 
lexical-treatment are the same, such as repetition priming, then the amount of improvement 
shown on the untreated items over these seven sessions should correlate with the amount of 
improvement on treated items that was observed as a result of treatment: those people who 
show more treatment-related gains should show more improvement from repeated attempted 
naming. 
To examine this hypothesis, we examined the correlation between the effects of 
repeated naming attempts (measured using the grand total of sum-products of the weighted 
 17 
accuracy for untreated items calculated from the WEST-Trend ) and the extent of treatment-
related gains on the treated items (using the same grand total of sum-products but for treated 
items in the WEST_ROC analyses). We examined three different correlations between 
repeated attempts at naming and i) items treated with each of Semantic Feature Analysis 
(WEST-ROC for the SFA phase of treatment for that participant); ii) Repetition in the 
Presence of the Picture (WEST-ROC for the RIPP treatment phase for that participant), and 
iii) all items treated over both phases combined (WEST-ROC examining both treatment sets 
across both SFA & RIPP phases). Each of these three treatment measures had their own set of 
weights used to calculate the change in accuracy over the seven assessments, taking into 
account when treatment occurred (see Appendix A for the weights used).  
Results: Analysis 2 
Looking at the two types of treatment (regardless of treatment order), there was a 
significant correlation between change in the untreated items (WEST-TREND: the attempted 
naming trend) and benefit from treatment (WEST-ROC) with Semantic Feature Analysis (r 
(23) = .438, p = .018) but only marginally with Repetition in the Presence of a Picture (r (23) 
= .311, p = .074) and both treatment phases combined (r (23) =.297, p = .084). The benefits 
from the two treatments were significantly correlated (r (23) = .561, p = .003). However, the 
correlations between change in untreated items and the different types of treatment were not 
significantly different to each other (Fisher r-to-z transformation, z = .47, p =.64, two-tailed). 
Similarly, Bayesian correlations between improvement in untreated items and treatment 
improvement indicated that there was no strong evidence supporting either a relationship 
between the two measures, nor, conversely, supporting no relationship (all Bayes factors 
between .33 and 3: SFA: BF10 = 2.04; RIPP: BF10 = .69; all treatment: BF10 = .63).  
Looking at the six individuals who showed significant change in the untreated items, 
Figure 2 shows the pattern of correct responses for each of the three conditions (untreated, 
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SFA, RIPP) across the study.  Of the four individuals who showed significant improvement as 
a result of repeated attempts at naming, all four also showed significant improvement trends 
for the treated items (see Table 5; WEST-Trend). Three (P11, P22, P25) also showed 
significant treatment-related response to at least the RIPP phase of treatment (significant 
WEST-ROC). Participant 21 showed no evidence of treatment-related improvement. Neither 
of the two participants who showed a significant decrease in accuracy for the untreated items 
showed significant treatment-related improvement (WEST-ROC), although P24 showed a 
significant negative trend for the treated items as well as the untreated items.   
[Figure 2 near here] 
[Table 5 near here] 
Discussion: Analysis 2 
There was a significant correlation between the changes in accuracy for untreated 
items and the change in accuracy for treated items in response to the Semantic Feature 
Analysis treatment, and only a near significant correlation for Repetition in the Presence of a 
Picture, or both treatment phases combined. However, further investigation found that these 
correlations were not significantly different, and Bayesian statistics indicated that the data was 
inconclusive regarding whether there was a relationship or not. Therefore, we cannot rule out 
that attempted naming and treatment improvements share the same mechanism. However, the 
weak relationships suggest that there are other contributing factors affecting the extent to 
which attempting to name brings about improvements. The fact that it was semantic feature 
analysis which showed the strongest relationship is nevertheless consistent with Schuchard 
and Middleton’s (2018a, b) finding that retrieval practice is more effective than repetition for 
individuals with lexical-semantic impairments. 
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Focusing on the individuals who showed significant (positive or negative) effects on 
naming untreated items, there was a strong although not universal relationship. Three of the 
four of the individuals who showed significant improvements in the untreated items as a result 
of repeated naming attempts also showed significant treatment-related improvement on the 
treated items (i.e., more improvement during the treated phases). The one remaining 
participant also improved naming of treated items, however, this was not related to periods of 
treatment. This suggests that, for this individual, improvement on both treated and untreated 
items was due to repeated attempts at naming. The stronger positive trend for treated 
compared to untreated items could be due to the increased exposure to these items during 
treatment. This highlights the importance of careful interpretation of possible generalisation 
results, as if control items were presented multiple times, it may be the repetition rather than 
the treatment which causes the improvements. Consequently, it reinforces the need for 
‘exposure’ controls (Nickels, 2002b; Nickels, Best and Howard, 2015) in treatment studies. 
Neither individual who showed significantly worsening performance on the untreated 
items, showed treatment-related improvement on the treated items. One participant even 
showed a negative trend for the treated items, suggesting a general decline (perhaps in overall 
cognitive functioning and/or health) which may not be specifically related to the study.  
In sum, it was not that case that individuals who improved with treatment necessarily 
showed attempted naming improvements.  
Analysis 3: Factors which predict response to repeated attempted naming 
 Given that only some individuals benefit from repeated attempts at naming, it is 
possible that improvement is dependent on some key cognitive capabilities remaining 
relatively intact. In this analysis, we examine possible relationships between repeated attempts 
at naming and performance on a wide range of language and other cognitive assessments as 
well as variability in naming performance.  
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One of Nickels’ (2002a) hypotheses was that improvements as a result of repeated 
attempts at naming may have been underpinned by item level variability. In other words, for 
repeated attempted naming to improve performance, a participant would have to display 
variability in performance at the item level and words they sometimes get right and 
sometimes get wrong would be most likely to show improvements through repeated naming 
attempts without treatment (Nickels, 2002a).  Hence, to obtain measure of variability, each 
item for each individual was scored a 1 if they showed a variable performance in the first two 
tests, prior to any treatment; and 0 if they showed no variation (either both incorrect or both 
correct). These variability codes were then summed for each individual to represent the 
amount of variation across the first two assessments.  
Given that it is also possible that variable performance could result in either 
reinforcement of correct responses or of errors (perhaps depending on the cognitive status of 
the participant), we carried out two analyses. First we examined the factors predicting a 
positive trend, and second whether predictors of any absolute change in accuracy (either 
positive or negative).  
A multiple linear regression was used to examine the relationship between each 
participant’s attempted naming trend (grand sum of sum of weighted values per item), their 
variability score, and the following language and wider cognitive skills:   
1. Severity of naming impairment using performance on the Nickels Naming Test 
(Nickels & Howard, 1994) 
2. Extent of phonological and semantic impairment, indexed by converting relevant 
results into z-scores. The z-score for the degree of semantic impairment was 
calculated from the mean of the z-score of participants’ scores on Pyramids and 
Palm Trees (Howard & Patterson, 1992), PALPA Spoken Word Picture Matching, 
PALPA Written Word Picture Matching (Kay et al., 1992), and the CAT Semantic 
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Memory test (Swinburn et al., 2004). The z-score for the degree of phonological 
impairment was calculated from their scores for repetition and reading of both 
words and non-words. The z-scores were calculated by converting each 
participant’s score on each test to a z-score (relative to the group mean and 
standard deviation), then averaging these z-scores across the semantic or 
phonological tasks. See appendix B for the individual test results. 
3. Recognition memory examined using performance on the CAT recognition 
memory subtest (Swinburn et al., 2004) 
4. Executive function as measured by the Modified Wisconsin Card Sorting Test 
(Schretlen, 2010).  
Individual scores on these tasks can be found in Table 6, and a correlation matrix 
showing the intercorrelations in Appendix C. Note that Aphasia severity as assessed by the 
Aphasia Quotient from the Western Aphasia Battery – Revised (Kertesz, 2006) was not 
included in the regression, as it was highly correlated with other measures. 
Results & Discussion: Analysis 3 
Firstly, looking at how these factors predict the (directional) repeated attempted 
naming trend, the overall regression model was significant (F(6, 15) = 5.508, p = .003; R2 
=.688). The Modified - Wisconsin Card Sorting Task (t = 3.896, p = .001)2 (which is thought 
to be associated with executive function skills) and Nickels Naming accuracy (t = 2.388, p = 
.031) were significant predictors: the better the executive function and naming ability the 
more positive the trend. CAT recognition memory (t = -2.816, p = .013) showed a significant 
effect in the opposite direction - worse recognition memory was associated with more 
 
2 Note that for the M-WCST, three participants could not complete (P13, P15 & P24). They were assigned the 
lowest score of 70. P1 required a lot of direction from the experimenter, and therefore was removed from this 
analysis given their true score was unknown. If all four of these participants are removed, or if P1 is also 
assigned a score of 70, the same three factors remain significant. 
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improvement in naming over repeated attempts. Degree of semantic impairment (t = -1.041. p 
= .315), phonological impairment (t = -1.332, p = .203) and degree of variability in accuracy 
(t = -1.223, p = .240) did not significantly predict the attempted naming trend. See Appendix 
D for the full regression results. 
The second analysis examined whether any variables predicted a change in accuracy 
over time (in either direction) by examining predictors of the absolute trend (i.e. both positive 
and negative trends given the same value). The overall regression model was significant (F(6, 
15) = 4.701, p = .007; R2 =.653). The only significant predictor of any change in accuracy 
(ignoring direction) was Variability (t = 4.008, p = .001) - greater variability led to greater 
change. Naming accuracy was close to significant as a negative predictor (t = -2.047, p = .05) 
with worse naming leading to larger change).   
In order to be confident when interpreting the regression results, we also examined the 
patterns of performance on the significant factors by the individuals who showed significant 
trends: the four individuals who showed improved performance from attempted naming, and 
the two individuals who showed reduced performance (see Table 6).  
For recognition memory a score of eight is the lower limit of normal and hence across 
the group as a whole there were only two participants who showed impairments. However, 
one of these was the participant (P21) who showed the strong trend. There was no systematic 
relationship between the (directional) attempted naming pattern and recognition memory in 
general with the participant who showed the strongest significant negative trend (P24) scoring 
8. Consequently we feel that the evidence for an (negative) influence of recognition memory 
on improvement is weak. Nevertheless, we can rule out the possibility that those who 
improved had a better memory of having seen the pictures previously.  
When we examine naming, those with significant improvement with repeated 
attempted naming of the untreated items did indeed show better naming than those who got 
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worse (see Table 6). This positive association is unsurprising: individuals with very low levels 
of naming, are less likely to improve without any support. Nevertheless, it is not a consistent 
pattern - not everyone with better naming improves (e.g., P5 & P10). This suggests that there 
is no simple relationship and supports that there are other variables at play. 
Turning to the M-WCST, which showed a positive relationship with the attempted 
naming trend, of the four individuals who showed significant improvement in attempted 
naming, three had high M-WCST scores, and the fourth individual (P21) had an average 
score. In contrast, of the two individuals who showed a significant decline in naming 
untreated items, one performed at an average level, and one could not complete the task 
(P24). While this finding must be treated with caution, given that the M-WCST involves a 
variety of executive functioning skills (e.g., rule discovery, monitoring, inhibition, memory), 
and there are various reasons why an individual may perform poorly on the task. 
Nevertheless, both the individual and regression data suggest that it is possible that intact 
executive functioning of the kind tested by the M-WCST, may be important in order for 
benefits to occur from repeated naming attempts. For example, cognitive control may be 
required to monitor responses as either correct or incorrect. For individuals with poor 
cognitive control, the error responses may have had the same priming as the correct 
responses, resulting in decreased rather than increased accuracy (e.g., Lambon Ralph & 
Fillingham, 2007).  
However, one of the participants who showed worsening performance, P12, performed 
within the normal range on the M-WCST, consequently while cognitive control (as measured 
by M-WCST) may be necessary to show improvements from repeated attempts at naming, it 
cannot be sufficient. We suggest that variability in naming performance may be the critical 
extra factor. 
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The amount of variability in naming accuracy over the first two assessment sessions 
was a predictor of absolute change in accuracy from repeated attempts at naming. However, 
variability was not a predictor of the direction of change. If we look at the individuals who 
showed significant change, all bar one (P12) showed a great deal of variability (20-40% of 
items showed different accuracy across the first two sessions). This suggests that a more 
nuanced version of Nickels’ (2002a) hypothesis may be appropriate, where variability in word 
retrieval accuracy is required for change in performance as a result of attempted retrieval. 
However, this change may be either positive or negative. We suggested above that executive 
function may play a role in determining whether any change occurs. It is therefore possible, 
that while variability may influence change, it is only when there is both variability and intact 
executive function that positive change occurs. Hence, P12, showed unimpaired executive 
function skills but little variability, and hence no positive change (although we remain unclear 
why a negative trend should occur). In contrast, P24, showed substantial variability but poor 
executive function, potentially resulting in reinforcement of his naming errors.  
[Table 6 near here] 
Interestingly, in contrast to our results, Morris et al. (2014) found no correlation 
between individual impairment characteristics and responsiveness to treatment in this 
participant group.  
General Discussion 
 
This study investigated whether simply attempting to name items repeatedly, once 
every six weeks, without any direct treatment, cues or feedback on those items, could lead to 
improvements in naming accuracy in people with aphasia. It also aimed to determine which 
factors might influence such improvements, examining the impact of language, wider 
cognitive skills, and variability of naming accuracy at an item level. We examined this using 
data from 23 people with aphasia who were participating in a treatment study, by examining 
performance on untreated items.  
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The word retrieval of most of the people with aphasia (15 out of 23), did not change 
for these items that were attempted without support. However, for four of the 23, relatively 
infrequent attempts at naming, without any external support, significantly improved naming. 
The original treatment study found that for these 23 individuals, twelve individuals showed 
significant improvement in naming of treated items as a result of treatment, including three of 
the four who showed improvement on the untreated items. Nevertheless, we can confidently 
exclude the improvement on untreated items being due to treatment-related generalisation. 
This is because improvement showed a different pattern to that shown for the treated items: it 
was not greater during the treatment phases.  
Despite the fact that only four individuals showed a significant improvement, given 
the wide spacing of naming attempts in the untreated condition, this result is nonetheless 
noteworthy: For some people with aphasia, even relatively infrequent attempts to name an 
item can improve word retrieval. 
Unexpectedly, in addition, four individuals showed a decrease in performance across 
the seven assessments. For two of these individuals, this unexpected decrease in performance 
was potentially related to treatment: their accuracy decreased more over phases when there 
had been treatment of other items. Perhaps for these individuals, there was interference from 
the treated items and difficulty inhibiting these competing responses.  
Improvement from treatment and repeated attempts at naming were hypothesised to 
share the same mechanism: priming. Each attempt at naming is proposed to strengthen the 
connections between the semantic and phonological nodes of an item, thereby increasing the 
chances of successful retrieval the next time (Nickels, 2002a). However, there was no strong 
evidence for a relationship (or lack of a relationship) between the degree of change in 
untreated items as a result of attempted naming, and the change as a result of treatment. 
Nonetheless, critically, as predicted by a shared mechanism, the two individuals who showed 
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a significant decline in performance simply from the repeated attempts at naming untreated 
items, did not show treatment-related improvement. Of those who showed significant 
improvement from attempted naming, all but one also showed the predicted significant 
treatment-related improvement. The participant who did not show treatment-related 
improvement, did show improved naming of treated items over the course of the study, which 
seems likely to also be the result of repeated attempts at naming. Perhaps for him, there was 
little additional benefit to be gained from being provided with the targets during the treatment 
tasks. Consequently, although we did not find evidence for a correlation between treatment 
effects and attempted naming effects, the pattern of results remains consistent with the same 
mechanism underpinning both treatment effects and repeated attempts at naming. However, it 
also strongly suggests that, unsurprisingly, there are more factors at play which mask any 
simple relationship.  
We next examined participants’ language and other cognitive skills to see if any factor 
predicted who would show increased or decreased performance as a result of repeated 
attempts at naming. Priming has been suggested to increase the accessibility of the 
phonological form. It has been suggested that those individuals who benefit most from 
treatment for word retrieval are those who have relatively less of a semantic and phonological 
impairment (Best, Herbert, Hickin, Osborne & Howard, 2002; Howard et al., 2006), and 
Schuchard and Middleton (2018a,b) argue that retrieval attempts benefit weakened semantic-
lexical connections. Those who showed significant improvement from naming attempts in this 
study did have better naming compared to those who showed worsening of performance, and, 
in the regression, naming accuracy was a significant predictor of attempted naming trend. 
However, this study provides little clear evidence to identify the locus of priming.  
Some authors have suggested that cognitive control plays an important role in 
monitoring responses: knowing whether an answer is correct or not so that only correct 
responses are primed and connections strengthened between semantic information and the 
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phonological form (Lambon Ralph & Fillingham, 2007). These authors found that the WCST 
was correlated with treatment effects (improved naming) across multiple studies (Fillingham 
et al., 2005a, 2005b, 2006). Indeed, we found a significant relationship between a measure of 
executive function (Modified Wisconsin Card Sorting Test) and change in performance as a 
result of repeated attempted naming. Lambon Ralph and Fillingham (2007) suggest that 
individuals can use a Hebbian learning process to reinforce or update internal representations 
of items. If an individual is aware that they correctly named an item, they can turn the 
learning system on and strengthen and reinforce the stimulus-response pairing accordingly. 
For this process to work correctly, participants must be able to monitor and detect whether 
they have produced correct or incorrect responses, so as not to reinforce incorrect responses, 
by turning learning off when an error is detected3. This is argued to require some executive 
functioning skills such as: monitoring, memory and attention. While appealing, and 
apparently consistent with executive skills predicting treatment outcomes in their studies (e.g., 
Fillingham et al., 2005a; 2005b; 2006), this account is not consistent with the fact that 
Lambon Ralph, Fillingham and colleagues did not find the predicted difference between 
errorless and errorful treatment conditions. Similarly, there was no significant correlation 
between executive function and treatment-related improvement in an analysis of the treatment 
data from the participants reported here (Morris et al., 2014). Therefore, this association must 
be treated cautiously, particularly given only a single measure of executive function was used 
here.  
It is possible nonetheless that executive skills could be important for self-directed 
learning, even if not for treatment-related improvement. Our results lent some evidence to this 
hypothesis but do not support this being the only critical factor in improvement as a result of 
repeated attempted naming.  
 
3 Lambon Ralph and Fillingham (2007) note that in addition to reinforcing correct stimulus response pairings, 
there may be an error-correcting mechanism that will adjust the representation (stimulus-response pairing) in 
such a way that the error will be less likely on the next occasion.  
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Nickels (2002a) hypothesised that variability in accuracy may be a prerequisite in 
order to benefit from repeated attempts at naming. Suggesting that, if items are sometimes 
correct and sometimes incorrect, over time, more items can be correctly retrieved and primed. 
Our findings supported this hypothesis, variability on the first two naming attempts, was 
found to be significantly correlated to change in accuracy of the untreated items and, all those 
participants who improved showed variable performance (and unimpaired executive 
function). In contrast, P12, who showed a significant decline in performance, showed little 
variability while performing in the normal range on the Wisconsin task.  
It seems plausible that it is both variability and some aspect of executive function in 
the context of less impaired naming that are critical for improvement as a result of repeated 
attempted naming.  However, even this cannot be the full story: there were other participants 
(e.g. P5, P20) who showed unimpaired executive function, relatively good naming ability, and 
some variability but yet did not show any change. Clearly, therefore, additional factors or 
skills are required. Further research is required to further investigate the influence of  naming, 
executive functioning skills, variability on the effects repeated attempted naming. It would be 
particularly important to use a wider range of cognitive tasks to attempt to isolate different 
aspects of cognitive control such as attention, working memory, monitoring and inhibition. 
To summarise, we found that repeatedly attempting to name an item six weeks apart, 
does not lead to improved accuracy for most people with aphasia. However, for four 
individuals we did replicate Nickels (2002a) finding of a benefit from repeated attempts at 
naming. Critically, while Nickels’ study reported this ‘attempted naming’ effect following 
daily attempts, here we find the effect for this minority of individuals with six week intervals 
between naming attempts.This finding indicates that feedback and/or treatment may not 
always be necessary to influence word retrieval. Perhaps, for some people with aphasia 
providing opportunities to retrieve words through, for example, social interaction could result 
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in additional recovery. However, the finding that some individuals get worse with repeated 
attempts without feedback, also needs careful consideration.  
One limitation of our study is that fact that while these items were not part of a 
targeted treatment programme, these individuals were undergoing therapy on other items 
during this time. It is therefore possible that this context could have influenced results, with 
increased expectations from both the participants and researchers. To our knowledge the only 
study which has looked at repeated attempts, completely separate from treatment was Nickels’ 
single case study (2002a). Future studies should attempt to disentangle repeated attempted 
naming from any treatment influences.  
Importantly, not everyone who responds to treatment, improves through repeated 
naming attempts, nor does everyone who improves through attempting naming gain additional 
benefit from treatment. Nevertheless, we argue that it may be the same priming mechanism 
which underpins both types of improvement. Moreover, we hypothesise that both item-level 
variability in accuracy across items and executive cognitive skills may have an impact on 
whether an individual will benefit from repeated naming attempts. Consequently, it seems 
important to improve our understanding of the role of non-linguistic cognition, and executive 
function in particular, including the ability to monitor one’s own performance and prevent 
learning from erroneous responses. This is particularly pertinent given the conflicting 
evidence regarding the role of these abilities in treatment.  
Finally, only a small proportion of participants showed this effect. We suggest that 
this could be because of the large spacing between naming attempts (six weeks). While 
priming effects are argued to be long lasting in unimpaired participants, very little is known 
about the time course of repetition priming in people with aphasia. This study provides a 
reason to investigate this further. 
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Appendix A 
Coefficients used to multiply item accuracy (0 or 1) for WEST-ROC and WEST-Trend statistics  
 Weighted Score at each Assessment Number 
 1 2 3 4 5 6 7 
WEST-ROC: Greater during therapy Phase 1 -5 -10 13 8 3 -2 -7 
WEST-ROC: Greater during therapy Phase 2 6.71 0 -6.71 -13.42 11.18 4.47 -2.24 
WEST-ROC: Greater during therapy (both 
phases) 
1 -10 7 -4 13 2 -9 
WEST-Trend: Trend across all study phases  -3 -2 -1 0 1 2 3 
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Appendix B 
Participants’ scores on the eight language tasks which created the semantic and phonological z-scores. 
 Semantic Z-Score calculated from: Phonological Z-Score calculated from: 
Ppt 
Pyramids & Palm 
Trees Test 
PALPA Spoken 
Word Picture Match 
PALPA Written 
Word Picture Match 
CAT – semantic 
memory 
Repetition 
(words) 
Repetition 
(non-words) 
Reading 
(words) 
Reading 
(non-words) 
P21* 42 31 30 7 35 5 41 3 
P25* 51 40 37 10 58 12 59 10 
P22* 45 39 37 10 59 12 36 4 
P11* 50 36 40 10 41 3 49 2 
P4 51 39 37 10 36 1 22 0 
P3 51 40 40 10 25 3 38 5 
P23 51 40 40 10 44 7 45 3 
P7 47 37 37 9 54 3 27 0 
P2 49 39 39 10 42 7 10 1 
P18 42 38 37 9 60 9 37 1 
P6 44 40 38 10 47 5 19 0 
P5 50 39 37 10 43 3 53 5 
P10 46 37 36 10 55 6 25 3 
P20 49 39 39 8 60 7 56 8 
P14 47 38 39 9 58 7 37 0 
P13 46 34 33 10 26 1 3 0 
P8 48 36 38 10 58 6 15 0 
P12* 49 40 37 10 2 0 2 0 
P1 49 35 33 10 37 2 17 0 
P19 46 31 37 9 52 9 47 0 
P24* 46 34 7 9 27 3 9 0 
P15 49 40 40 10 58 9 54 7 
P17 48 36 39 10 57 10 59 10 
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 Appendix C  
Correlation results 
 
 
 
Repeated 
Attempted 
Naming Trend 
(directional) 
CAT 
Recognition 
Memory 
M-WCST 
Nickels 
Naming 
Semantic Z-
Score 
Phonological Z-
Score 
WAB 
CAT Recog 
Memory 
Pearson's r -.34       
M-WCST  Pearson's r .60 .11      
Nickels Naming Pearson's r .26 .27 .31     
Semantic Z-
Score 
Pearson's r .00 .44 .33 .39    
Phon Z-Score Pearson's r -.06 .10 .25 .44 .17   
WAB Pearson's r .20 .36 .52 .74 .42 .68  
Variability Pearson's r -.02 -.09 .02 .54 -.13 .50 .45 
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Appendix D 
Linear Regression 
  
 Estimate Std. Error t value p 
Variance 
Inflation 
Factor 
Attempted Naming WEST-Trend 
(directional)     
(Intercept) -9.541 44.207 -.216 .832  
CAT Recognition Memory -9.903 3.516 -2.816 .013* 1.303 
M-WCST .980 .252 3.896 .001* 1.235 
Nickels’ Naming .803 .336 2.388 .031* 2.271 
Semantic Z-Score -6.991 6.717 -1.041 .315 1.719 
Phonological Z-Score -7.765 5.832 -1.332 .203 1.521 
Variability -1.541 1.260 -1.223 .240 2.209 
Attempted Naming Accuracy Trend (non directional)    
(Intercept) -10.606 26.665 -.398 .696  
CAT Recognition Memory -.719 2.121 -.339 .739 1.303 
M-WCST .186 .152 1.223 .240 1.235 
Nickels’ Naming -.415 .203 -2.047 .059 2.271 
Semantic Z-Score -.023 4.052 -.006 .995 1.719 
Phonological Z-Score 1.657 3.517 .471 .644 1.521 
Variability 3.046 .760 4.008 .001* 2.209 
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